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GENERATING INTERCONNECT FABRIC REQUIREMENTS 

Field of the Invention: 

The present invention relates to the field of networks. More particularly, 
5 this invention relates to network design problems. 



Background of the Invention: 

An interconnect fabric provides for communication among a set of 
nodes in a network. Communications originate within the network at a source 

10 node and terminate at a terminal node. Thus, a wide variety of networks may 
be viewed as a set of source nodes that communicate with a set of terminal 
nodes via an interconnect fabric. For example, a storage area network may be 
arranged as a set of computers as source nodes which are connected to a set of 
storage devices as terminal nodes via an interconnect fabric that includes 

15 communication links and devices such as hubs, routers, switches, etc. Devices 
such as hubs, routers, switches, etc., are hereinafter referred to as interconnect 
devices. Depending on the circumstances, a node may assume the role of 
source node with respect to some communications and of terminal node for 
other communications. 

20 The communication requirements of an interconnect fabric may be 

characterized in terms of a set of flow requirements. A typical set of flow 
requirements specifies the required communication bandwidth from each 
source node to each terminal node. The design of an interconnect fabric 
usually involves selecting the appropriate arrangement of physical 

25 communication links and interconnect devices and related components that will 
meet the flow requirements. 

Techniques for designing interconnect fabrics are being developed and 
refined. In order to evaluate the effectiveness of an interconnect fabric design 
technique, it may be desirable to apply the technique to a variety of design 

30 problems, for example, various sets of flow requirements, for which a feasible 
solution exists. The generation of such fabric design problems presents a 



1 



Atty. Dkt. No. 100110288-1 



barrier to the evaluation of design techniques. This is because design problems 
have largely been generated by manually. Accordingly, such techniques can be 
time-consuming, tedious and error-prone. 

Generation techniques have been developed. These include NETGEN, 

5 described by Klingman, et al. in "NETGEN: A program for generating large- 
scale capacitated assignment, transportation, and minimum cost flow network 
problems," Management Science, pp. 814-820 (1974) and GRIDGEN, 
described by Bertsekas in "Linear Network Optimization", The MIT Press, 
Cambridge/London, 1991, appendix A.l.l. These techniques, however, are 

10 limited in their ability to specify network problem characteristics. 

Therefore, what is needed is an improved technique for generating 
interconnect fabric requirements. It is to these ends that the present invention 
is directed. 

15 Summary of the Invention: 

A technique is disclosed for generating interconnect fabric requirements. 
The technique programmatically generates an interconnect design problem 
based on criteria specified by a user. Depending upon the input criteria, the 
invention may generate problems with greater flexibility than prior techniques. 

20 In one aspect, a computer implemented method is provided for 

generating an interconnect fabric design problem. The problem includes 
requirements for a plurality of flows among a set of network nodes. A source 
node and a terminal node are selected from among the set of network nodes for 
a flow to be added to the requirements. A maximum capacity available at the 

25 selected source node and the selected terminal node is determined. The flow is 
generated having a capacity less than or equal to the lower of the maximum 
capacity of the source node and the terminal node. 

In another aspect of the invention, a system is provided for generating an 
interconnect fabric design problem for communication between a set of nodes. 

30 A set of design information includes user-specified parameters for the design 
problem. In response to the design information, a fabric design problem 
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generation tool generates a design for the interconnect fabric, including a set of 
flow requirements among the set of nodes. To add a flow to the flow 
requirements, a source node and a terminal node for a flow to be added may be 
selected from among the set of network nodes. A maximum capacity available 
5 at the selected source node and the selected terminal node may be determined. 
The flow may be generated having a capacity less than or equal to the lower of 
the maximum capacity of the source node and the terminal node. 

Other features and advantages of the present invention will be apparent 
from the detailed description that follows. 

10 

Brief Description of the Drawings: 

The present invention is described with respect to particular exemplary 
embodiments thereof and reference is accordingly made to the drawings in 
which: 

15 Figure 1 shows a method of generating an interconnect fabric design 

problem according to an aspect of the present invention; 

Figure 2 shows an exemplary set of network nodes for a design problem; 
Figures 3-5 show the set of network nodes of Figure 2 in stages of 
progress as flows are added to a set of flow requirements for the design 
20 problem; 

Figure 6 shows an exemplary design problem that may be formed by the 
method of Figure 1 ; 

Figure 7 shows an exemplary design solution for an interconnect fabric 
including switches and hubs; 
25 Figure 8 shows a method for forming an interconnect fabric design 

problem having clusters and/or globally connected nodes in accordance with an 
aspect of the present invention; 

Figure 9 shows an exemplary design problem that may be formed by the 
method of Figure 8; and 
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Figure 10 shows a system having a fabric design problem generation 
tool that may be used to generate an interconnect fabric design problem in 
accordance with an aspect of the present invention. 

5 Detailed Description of a Preferred Embodiment: 

Figure 1 shows a method 100 of generating an interconnect fabric design 
problem according to an aspect of the present invention. The design problem 
may specify nodes that are to be interconnected by the design and requirements 
for communication flows among the specified nodes. These requirements may 
10 be referred to as flow requirements and may include, for example, source and 
terminal nodes for communication flows and required communication 
bandwidth for the flows. The method 100 is performed generally by selecting a 
set of nodes and then adding flows to the requirements. 

At step 102, a set of network nodes that are to be interconnected by the 
15 interconnect fabric design problem may be determined. The set of network 
nodes may, for example, be provided as a user-selected input to the method. 
Figure 2 shows an exemplary set of network nodes, including four source 
nodes (source nodes 10-16 in the figures below) and four terminal nodes 
(terminal nodes 20-26 in the figures below) for an interconnect design problem. 
20 Source nodes generally originate communications, whereas, terminal nodes are 
generally recipients of communications. Depending on the circumstances, 
however, a node may assume the role of source node with respect to some 
communications and of terminal node for other communications. 

In one embodiment, the source nodes 10-16 are host computers and 
25 terminal nodes 20-26 are storage devices. Thus, the interconnect fabric design 
problem may be for storage area network. 

In step 104, a source node for a new flow to be added to the flow 
requirements may be selected. For example, the source node may be randomly 
selected from among the set of source nodes 10-16. Alternately, the source 
30 node may be selected from the set according to a predetermined sequence. In 
some embodiments, the set of nodes may include only one possible source 
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node. In which case, that node is selected in the step 104. It will be apparent 
that other techniques for selecting a source node from among the set of nodes 
may be utilized in the step 104. In the example of Figure 2, the source node 10 
may be selected in step 104. 

In step 106, a terminal node for the new flow to be added to the flow 
requirements may be selected. As in selection of the source node in step 104, 
selection of the terminal node in step 106 may be performed randomly, 
according to a sequence, or in accordance with another selection technique. In 
the example of Figure 2, the terminal node 24 may be selected in step 106. 

In a preferred embodiment, the flow requirements for the design 
problem do not exceed the capacities of the source and terminal nodes. For 
example, each source and terminal node may have a specified maximum 
bandwidth capacity. Further, each source and terminal node may have capacity 
for a maximum number of ports, each of which has a maximum bandwidth 
capacity. If the design problem specifies flow requirements that exceed a 
capacity of a source or terminal node, it becomes infeasible for an interconnect 
fabric to be designed that will meet such flow requirements without also 
modifying the source and terminal nodes or allowing flows to be split across 
multiple ports. For some network design problems, splitting of flows across 
multiple ports may be desired, particularly to test design techniques that can 
accommodate such flows. 

The present invention preferably avoids adding infeasible flows to the 
flow requirements by examining available capacities, taking into account 
existing flow requirements in the design problem and adding flows to the 
design problem that can be accommodated by the available capacities. Thus, in 
step 108, a maximum available capacity at the source node selected in the step 
102 may be determined. 

Since the source node 10 was selected the example of Figure 2, its 
maximum capacity may be determined in step 108. Assume that the source 
node 10 has two ports, each having a maximum bandwidth capacity of 100 
megabits per second (Mb/s). Thus, assuming there are no existing flows for the 
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source node 10 in the design problem, the maximum bandwidth is 100 Mb/s. 
This also assumes flows are not split across the ports. If splitting is allowed, 
the maximum capacity would be 200 Mb/s. 

In step 1 10, a maximum available capacity at the terminal node selected 

5 in the step 104 may be determined. Since the terminal node 24 was selected in 
the example, its maximum capacity may be determined in step 1 10. Assume 
that the terminal node 24 has three ports, each having a maximum bandwidth 
capacity of 100 Mb/s. Thus, assuming there are no existing flows for the 
terminal node 24 in the design problem, the maximum bandwidth capacity is 

10 also 100 Mb/s (or 300 Mb/s if splitting of flows is permitted). 

In step 1 12, a maximum feasible bandwidth for the flow to be added 
between the selected source node and the terminal node may be set to the lower 
of the maximum capacities determined in the steps 108 and 110. This is to 
avoid adding a flow that may exceed the maximum available capacity of either 

15 the source node or the terminal node. In the example of Figure 2, the 
maximum available capacity for the source node 10 is 100 Mb/s and the 
maximum available capacity for the terminal node 24 is 100 Mb/s. Thus, the 
lower of the two capacities is also 100 Mb/s. 

In step 114, the flow may be generated between the selected source and 

20 terminal nodes. The bandwidth requirement for the flow may be selected to be 
a value that is less than or equal to the maximum feasible value for flow, as 
determined in step 1 12. For example, the bandwidth requirement may be 
randomly selected to be a value between 1 Mb/s and the maximum value. In 
addition, if there is more than one port at either the source node or the terminal 

25 node that may accommodate the flow, then the flow may be assigned to one of 
those ports either randomly or in accordance with a specified order. If splitting 
of flows is permitted, portions of the flow are assigned to ports while avoiding 
exceeding capacities of the ports. 

In the example, the bandwidth requirement for the flow may be 

30 randomly selected in step 1 10 to be 10 Mb/s, which is less than the maximum 
value of 100 Mb/s. The requirements for this flow, including its source and 
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terminal nodes, port assignments and its bandwidth may then be added to the 
flow requirements for the design problem. Figure 3 illustrates the flow 60 after 
having been added to the flow requirements for the design problem. Because a 
port 30 at the source node 10 and each of three ports 34, 36 and 38 at the 

5 terminal node 24 have sufficient capacity to accommodate the flow 60, the 
flow 60 may be assigned the port 30 of the source node 10 and to a first port 
(i.e. the leftmost port in Figure 3) of the terminal node 24. Particularly, the 
flow 60 may be assigned to port 32 of the terminal node 24. 

Additional flows may be added to the flow requirements for the design 

10 problem by repeating the steps 104-1 14 of the method 100. 

Figure 4 illustrates the exemplary set of nodes from Figure 1 after 
several passes of the method 100. These include: the flow 60 between port 30 
of source node 10 and port 32 of terminal node 24; a flow 62 between port 38 
of source node 12 and port 48 of terminal node 20; a flow 64 between port 38 

15 of source node 12 and port 50 of terminal node 22; a flow 66 between port 40 
of source node 12 and port 34 of terminal node 24; a flow 68 between port 40 
of source node 12 and port 52 of terminal node 26; a flow 70 between port 42 
of source node 14 and port 34 of terminal node 24; a flow 72 between port 44 
of source node 14 and port 36 of terminal node 24; and a flow 74 between port 

20 46 of source node 16 and port 32 of terminal node 24. 

In a next pass through the method 100, the source node 12 may be 
selected in the step 104 and the terminal node 24 may be selected in the step 
106. Thus, a new flow to be added to the flow requirements of Figure 5 may 
be between the source node 12 and the terminal node 24. 

25 Assume that each of the ports 38 and 40 of the node 12 has a maximum 

bandwidth capacity of 100 Mb/s; that flow 62 requires 40 Mb/s of capacity; 
and that each of the flows 64, 66 and 68 requires 20 Mb/s. Thus, the available 
capacity at port 38 may be determined to be 40 Mb/s (100 Mb/s minus 40 Mb/s 
for flow 62 and 20 Mb/s for flow 64) and the available capacity at port 40 may 

30 be determined to be 60 Mb/s (100 Mb/s minus 20 Mb/s for each of flows 66 
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and 68). Accordingly, the maximum available capacity at the source node 12 
may be determined in step 108 to be 60 Mb/s (at port 40). 

As before, assume that each of the ports 32, 34 and 36 of terminal node 
24 has a maximum bandwidth capacity of 100 Mb/s. Assume also that flow 60 

5 requires 10 Mb/s of capacity and flow 74 requires 30 Mb/s of capacity. Thus, 
the available capacity at port 32 may be determined to be 60 Mb/s (100 Mb/s 
minus 10 Mb/s for flow 60 and 30 Mb/s for flow 74). Assume also that flow 
70 requires 10 Mb/s of capacity. Thus, the available capacity at port 34 may be 
determined to be 70 Mb/s (100 Mb/s minus 20 Mb/s for flow 66 and 10 Mb/s 

10 for flow 70). And, assume that flow 72 requires 80 Mb/s of capacity. Thus, the 
available capacity at port 36 may be determined to be 20 Mb/s. Accordingly, 
the maximum available capacity at the terminal node 24 may be determined in 
step 1 10 to be 70 Mb/s (at port 34). 

In step 112, the maximum requirement for the flow to be added between 

15 the source node 12 and terminal node 24 may be set to lesser of these 

maximum values found in steps 108 and 110. In the example, the available 
capacity of 60 Mb/s at the port 40 is less than the available capacity of 70 Mb/s 
at the port 34. Accordingly, the maximum requirement may be set to 60 Mb/s 
in the step 112. 

20 In step 114, the flow may be generated between the source node 12 and 

the terminal node 24. The bandwidth requirement for the flow may be selected 
to be a value that at least 1 Mb/s and less than or equal to the maximum 
feasible value for flow of 60 Mb/s, as determined in step 1 12. For example, the 
bandwidth requirement may be randomly selected to be 25 Mb/s. Because both 

25 ports 38 and 40 at the source node 12 may accommodate the flow, the flow 

may be assigned to the first port (i.e. the leftmost port), which in Figure 4 is the 
port 38. Similarly, because ports 32 and 34 at the terminal node 24 may 
accommodate the flow, the flow may be assigned to the first or leftmost port, 
which in Figure 4 is the port 32. Figure 5 shows the newly added flow 76 

30 between the port 38 and the port 32. 
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The method 100 of Figure 1 may be repeated, adding flows to the 
interconnect fabric design problem until a stopping condition is reached. For 
example, the stopping condition may include each source and terminal node 
having a specified number of flows. As another example, the stopping 

5 condition may include a random aspect, such as reaching a minimum number 
of flows or level of bandwidth required for the nodes and then adding a random 
number of additional flows or bandwidth levels to the design problem. As yet 
another example, the stopping condition may be based on ratio of a sum of 
bandwidth requirements assigned to a node to a sum of bandwidth capacity at 

10 the node. This ratio may also be referred to as "port saturation." 

Once the stopping condition is reached, the design problem includes a 
set of flow requirements that corresponds to the set of nodes. Figure 6 shows 
an exemplary design problem that includes a set of flow requirements 80 
among the source nodes 10-16 and the terminal nodes 22-30. 

15 Then, using the design problem formed by the method 100, a network 

designed technique may be applied to the problem. Figure 7 illustrates an 
exemplary design in which interconnect devices 82, 84 and 86 may be used to 
carry the flow requirements 80 for the design problem. A design technique 
may be applied to any number of design problems formed by the present 

20 invention. Thus, in one aspect, the present invention facilitates evaluation of 
interconnect fabric design techniques that may be under development or 
otherwise in need of evaluation. Particular examples of design techniques are 
described in copending U.S. Application No. 09/707,227, filed November 16, 
2000 and U.S. Application No. , entitled, "Designing Interconnect 

25 Fabrics," and filed December 19, 2001, and which is continuation-in-part of 
U.S. Application No. 09/707,227, the contents of both of which are hereby 
incorporated by reference. It will be apparent, however, that other uses may be 
made of a design problem formed by the present invention. 

In accordance with another aspect of the present invention, an 

30 interconnect fabric design problem may be formed having clusters of nodes. A 
cluster of nodes is a set of nodes which primarily or solely communicate with 
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each other. In addition, an interconnect fabric design problem may be formed 
having globally connected nodes. A globally-connected node is one that 
communicates with nodes of more that one cluster. Figure 8 shows a method 
200 for forming an interconnect fabric design problem having clusters and/or 
globally connected nodes in accordance with an aspect of the present invention. 

In step 202, source and terminal nodes for an interconnect fabric design 
problem may be specified. Then, in step 204, the source and terminal nodes 
may be grouped according to clusters. In addition, nodes that are to be 
globally-connected may be identified. 

Figure 9 shows an exemplary design problem that may be formed by the 
method of Figure 8. As shown in Figure 9, the set of nodes 10-16, 20-26 of 
Figure 6 form a first cluster 250 of nodes in Figure 9. The set of flow 
requirements 80 specify flow requirements among the nodes of the cluster 250. 
A second cluster 252 includes a set of nodes, including source nodes 256-260 
and terminal nodes 262-266. A set of flow requirements 268 specify 
requirements for flows among the nodes of the cluster 252. 

The example of Figure 9 also includes globally-connected nodes 270 
and 272. In this example, the globally-connected node 270 may be a terminal 
node. Accordingly, a set of flow requirements 274 may specify flow 
requirements between the globally-connected node 270 and the source nodes of 
the cluster 250, while a set of flow requirements 276 may specify flow 
requirements between the globally-connected node 270 and the cluster 252. 
Also in this example, the globally-connected node 272 may be a source node. 
Accordingly, a set of flow requirements 278 between the globally-connected 
node 272 may specify flow requirements between the terminal nodes of the 
cluster 250, while a set of flow requirements 280 may specify flow 
requirements between globally-connected node 272 and the terminal nodes of 
the cluster 252. It will be apparent, however, that a globally-connected node 
may act as both a source node and a terminal node and, thus, flow requirements 
may be provided between a globally-connected node and other nodes, 
including both source and terminal nodes. 
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Returning to Figure 8, in step 206, one of the clusters formed in step 204 
may be selected in order to form the flow requirements among the nodes of the 
cluster. For generating these flows among the nodes of the cluster in step 206, 
the steps 104-114 of method 100 may be utilized. 

5 In one embodiment, pairs of a source node and a terminal node may be 

selected in steps 104-106 according to a sequence in which a first source node 
of the cluster is selected and, then, flows, if any, are formed between the 
selected source node and the terminal nodes of the cluster in accordance with 
steps 108-1 14. Then, a next source node is selected in sequence and flows, if 

10 any, are formed between that source node and the terminal nodes of the cluster. 
Once all of the source nodes of the cluster have been selected and appropriate 
flows formed, then the terminal nodes of the cluster may be selected in 
sequence. While forming flows for terminal nodes, a sufficient number of 
flows for a terminal node may be found to have already been formed while 

15 forming flows for the source nodes. In which case, such a terminal node may 
be skipped. 

In the example, a first pass through the step 206 may result in generation 
of the flow requirements 80 among the nodes of the cluster 250, as explained 
above in reference to the method 100 of Figure 1 . In a next pass through the 

20 step 206, the flow requirements 268 may be generated among the nodes of the 
cluster 252, also by using the method 100. The step 206 may be repeated until 
flow requirements have been generated for each cluster of the design problem. 

In a step 208, flows may be generated for each globally-connected 
element. The method 100 may be used in step 208 for generating these flows. 

25 In one embodiment, the flow requirements may be specified to include flows 
between a globally-connected element and only some of the other source nodes 
and/or terminal nodes in the design problem. Thus, if the globally-connected 
node is a source node, then a terminal node for a flow to be added may be 
selected in step 106. The terminal node may be a specified one of the existing 

30 nodes in the design problem or may be identified randomly from among the 



11 



Atty. Dkt. No. 100110288-1 



existing nodes. Similarly, if the globally-connected node is a terminal node, a 
source node for the flow to be added may be selected in step 104. 

In other embodiments, however, the design problem may be specified to 
include at least one flow between a globally-connected element and each 
5 source node and/or each terminal node in the design problem. Thus, in the 
example, the flow requirements 274 and 276 for the globally-connected node 
270 may include a flow between the globally-connected node 270 and each of 
the source nodes 10-16 and 256-260. Thus, for each pass through the method 
100 of Figure 1, the source nodes 10-16 and 256-260 may be selected in step 

10 208 according to a sequence until at least one flow has been formed between 
each source node 10-16 and 256-260 and the globally-connected element 270. 

In a next pass through the step 208, flow requirements 278 and 280 may 
be generated for the globally-connected node 272. For example, for each pass 
through the method 100 in step 208 for the globally-connected node 272, the 

15 terminal nodes 20-26 and 2526-266 may be selected in step 208 according to a 
sequence until at least one flow has been formed between each source node 10- 
16 and 256-260 and the globally-connected element 270. Thus, the step 208 
may be repeated for each globally-connected element in the design problem. 
Where a globally-connected node communicates with a significant 

20 number of other nodes in the design problem, it may be desired to generate its 
flows prior to generating flows within the clusters to ensure that the nodes 
within the clusters will have sufficient capacities to accept the flows for 
globally-connected devices. Accordingly, the sequence of steps of the method 
200 may be altered, depending upon the circumstances. 

25 In step 210, additional flows may be added to the design problem. In 

one embodiment, flows may be added to each cluster in a pseudo-random 
fashion. By pseudo-random, what is meant is that computer-generated 
numbers may follow an apparently random pattern based on a seed value that 
controls a probability distribution of the generated numbers. For example, a 

30 minimum number of flows per node or per cluster may be specified and a 

maximum number of flows may be specified. Flows may be added such that 
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the total randomly falls somewhere between the maximum and minimum 
numbers. Further, flows may be added between clusters. For example, a 
specified minimum and maximum number of source nodes in the design 
problem may have flows connected to a terminal node of another cluster. 

Flows may be added in step 210 so that the number of flows in the 
resulting design problem falls somewhere between the minimum and maximum 
numbers. A specified probability and random number generator may be used 
to determine exactly how many flows are added. If the specified probability is 
low, then the number of flows in resulting design problem will be near the 
minimum, whereas, if the specified probability is high, then the number of 
flows in the resulting design problem will be near the maximum. Thus, the 
probability will generally control the density of flows (i.e. the number of flows 
per cluster). 

The possible range of numbers of flows in the resulting design problem 
that are added in step 210 can be controlled by selecting the minimum and 
maximum numbers of flows. If there is wide difference, then the number of 
flows in the resulting design problem will be more variable, meaning that over 
a large number of repetitions of the method, the variability in the number of 
flows assigned would be higher. If there is narrow difference, then the number 
of flows in the resulting design problem will be less variable. In one 
embodiment, the minimum and maximum numbers may be set to the same 
level. 

For example, for each cluster, a maximum number of additional flows 
that may be added to a cluster may be computed as a difference between a 
specified maximum number of flows for the cluster and the number of flows 
already in the cluster. More particularly, a maximum number of flows per 
source node (or per terminal node) in the cluster may be specified. This 
number may then be multiplied by the number of source nodes (or terminal 
nodes) in the cluster to determine the maximum number of flows for the 
cluster. Then, the number of existing flows in the cluster (as a result of adding 
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flows in steps 206 and 208) may be subtracted from the product to determine 
the maximum number that may be added in step 210. 

If the maximum number of flows that may be added is zero, then no 
additional flows are added in step 210. However, if the result is one or more, 
5 then the method 100 of Figure 1 may be used to add flows to the cluster. In 
one embodiment, a probability for keeping such additional flows may be 
specified. Thus, after flow is generated by the method 100, the flow may be 
discarded in step 210 according to the probability. For example, assume that 
the maximum number of flows that may be added is three and the specified 

10 probability is seventy percent (70%). In which case, the method 100 is 

performed three times. For each flow formed by the method 100, the specified 
probability of seventy percent is applied to the flow determine whether to keep 
or discard the flow (e.g., the probability of keeping any one of the flows is 
70%). It will be apparent that other techniques may be utilized for adding 

15 additional flows to the design problem. 

Figure 10 shows a system having a fabric design problem generation 
tool 300 that may employ the method 100 (and the method 200) to generate a 
interconnect fabric design problem 302. The fabric design problem generation 
tool 300 may be implemented in computer software and/or hardware to 

20 perform its functions. Design information 304 in one embodiment includes a 
list of hosts (source nodes) and devices (terminal nodes) 306, a set of user- 
specified parameters 308, and a set of device properties 310. The design 
information 304 may be implemented as an information store, such as a file or 
set of files or a database, etc. 

25 The list of hosts and devices 306 may specify the source nodes and 

terminal nodes which are to be interconnected by flow requirements of the 
interconnect fabric design problem 302. This list may also identify source and 
terminal nodes that are to be globally-connected. This list 306 may be 
specified by a user and may be obtained in step 102 of Figure 1 and/or step 202 

30 of Figure 8. 
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The set of user-specified parameters 308 may include, for example, a 
number of clusters to be formed (e.g., in step 204 of Figure 8), a minimum 
number of flows for each cluster, each source node, each terminal node, and/or 
each globally-connected node (e.g., used in steps 206, 208 and 210 of Figure 
5 8), a maximum number of flows for each cluster, each source node, each 
terminal node and/or each globally-connected node (e.g., used in step 210 of 
Figure 8), and a probability that a particular flow will be retained or discarded 
(e.g., used in step 210 of Figure 8). 

The user specified parameters 308 may also specify a desired level of 
10 port saturation. For example, determining capacity available at a node, as in 
steps 108 or 1 10, may depend on port saturation at the node and on unused 
capacity at each port of the node. Also, a user may specify a percentage of port 
capacities that may be used. In the examples above, the maximum bandwidth 
capacity of a port (e.g., port 38 of source node 12) was assumed to be 100 
15 Mb/s. This capacity was then used to determine that maximum bandwidth of a 
flow that was feasible to add to the flow requirements. In this case, the 
percentage of port capacity that may be used may be assumed to be one 
hundred percent (100%). In other embodiments, a different percentage of port 
capacity may be specified for use. If the specified percentage was assumed to 
20 be 80%, in the example, then a flow would be feasible to add to the flow 

requirements only if the resulting flow requirements for that port remained less 
than or equal to 80 Mb/s. 

The user-specified parameters 308 may further include a seed for a 
random number generator. For example, the random number generator may be 
25 implemented by the generation tool 300 to randomly select nodes between 

which a flow is to be added to the requirements (e.g., step 104 or 106 of Figure 
1), to determine whether to retain or discard additional flows (e.g., step 210 of 
Figure 8), to select a bandwidth for a flow between upper and lower bounds 
(e.g., step 210 of Figure 8), and so forth. 
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The device properties data 310 may specify, for example, a bandwidth 
capacity of each source node and terminal node, a number of ports for each and 
the bandwidth capacities of the ports. 

Design problem 302 generated by the interconnect problem generation 
5 tool 300 may include the flow requirements generated in accordance with the 
present invention. 

The foregoing detailed description of the present invention is provided 
for the purposes of illustration and is not intended to be exhaustive or to limit 
the invention to the precise embodiment disclosed. Accordingly, the scope of 
10 the present invention is defined by the appended claims. 
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